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INTRODUCTION 
Many different viruses have the capacity for infecting and replicating in 
micro-habitats of the intestinal tract. Eons of interaction between intestinal 
viruses and the intestinal mucosa have lead to a variety of host-parasite inter-
relationships, most of which are superficially known or hitherto unsuspected. 
Our knowledge has been determined in great part by advances in biotechnology and 
its capacity to recognize and study such viruses. On the other hand, changes in 
scientific interest and in funding have shifted research interest from the 
enteroviruses to the rotaviruses at a paint where our understanding of the first 
was still insufficient. This is unfortunate because information for contrasting 
ecosystems, for instance, within developing countries is even more incomplete 
than for industrial countries. Enteroviruses and adenoviruses still play 
important role in disease causation everywhere. 
From an evolutionary perspective, the intestinal tract can be considered 
invagination of external integuments, and, therefore, thousands of years 
evolutionary adaptations led to specialization and development of myriads 
bacteria, protozoa, yeasts and viruses in the intestinal habitats. Such changes 
explain the varying pathogenicity of agents and, in some Instances, their coexis-
tence within the human host. 
Understandably, viruses have adapted lees effectively than indigenous or 
autochthonous bacteria, and their pathogenicity is, thus; greeter when contrasted 
with the harmless nature or, at worst, amphibiontic behavior of the indigenous 
flora. The high prevalence of enterovirus infection in poor populations reported 
by Parks et al. (1967) and mate (1978) represent transient infections without 
persistence of any given serotype. 
The pathogenic potential of some echoviruees and other enteroviruses is low 
compared to that of the rotaviruses, but not as low as that Of many virus par-
ticles which are identified by electron microscopy (EM) in the absence of clini-
cal manifestations (Madeley, 1986). 
MOWS OF VIRUSES OF TOE INTESTINE 
Theoretically, any virus observable or isolated from intestinal materials 
(juices, cells, bolus, feces) might be considered an intestinal virus. 	 This 
an 
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TABLE 1 
MOMS Or YEWS= Or THE HUMAN IMESTIMR 
Total No. of 
Group 
	 Surotypes 	 Causes Diarrhea 
Rotavirus 	 4 	 yes 
PararotaVirus 	 7 	 7 
AdenoVirus, fastidious 	 2 	 yes 
cultivatable 	 39 	 some yea 
Herwalh. Norwalk-like 	 3 	 yes 
Astrovirus 	 ? 	 yes 
Calicivirus 	 7 	 yes 
"Shall round viresee" 	 ? 	 ? 
Enterovirus, cultivatable 	 63 	 yes 
fastidious 	 5 	 Acme yes 
Coronavirus 	 7 	 yes, chronic 
stringent definition would pose difficulty inasmuch as respiratory viruses are 
swallowed and then can be found in the intestine. On the other hand, viruses 
replicating in inflammatory cells, giant cells and lymphocytes that are shed into 
the iatestinal lumen - for instance, measles virus and human immunodeficiency 
virus - could be recovered from the intestine without belonging there. More 
realistically, viruses of the intestine are only those that replicate preferen-
tially. and usually abundantly, in intestinal mucosal cells and in adjacent 
lymphoid tissue, and are then shed in the stools, which represents the primary 
source for infection of human beings. 
Table 1 lists the main groups of viruses of the intestine of human beings. 
The term "fastidious" is used by Madeley (1986) and others for adenoviruses which 
ars difficult or yet impossible to grow in conventional cell cultures; it is 
applied here to enteroviruses which are difficult to isolate. for instance, 
fenterovirus 70 (EV 70) or the agent of hemorrhagic conjunctivitis, and EV 72, a 
proposed agent of hepatitis A. Of the viruses listed in Table 1, rotaviruses, 
fastidious adenovirusee, and Norwalk and Norwalk-like agents are the most patho- 
genic, and have the capacity to induce diarrhea. 	 mnteroviruses are typical 
intestinal viruses, easily isolated from stools by conventional techniques, and 
are clearly related to respiratory dietetics and, to a lesser extent, diarrheal 
diseases. The non-fastidious (cr cultivatable) adenoviruses are frequent agents 
of respiratory disease and can also induce diarrhea. 
Several reports linking enteroviruses and non-fastidious adenovituses to 
diarrheal disease were published in the late 1950"s and 1960's when those viruses 
were fashionable. However, it turned out to be difficult to show an association 
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between them and diarrhea in view of their very low pathogenicity and the fact 
that most infections are asymptomatic or accompanied by subtle clinical signs 
(despondency, weakness, irritability or mild anorexia). 
Statistical demonstration of an association of these viruses with diarrheal 
disease relies on the fortuitous occurrence of outbreaks involving virulent 
strains in populations with a high level of hygiene. Such circumstances have 
favored demonstration of virulent enteric viruses in the community because, with 
prevailing low rates of viruses, an excess of infections can be found associated 
with diarrhea and other clinical entities. 
The situation in developing countries is quite different in that viruses of 
the intestine are so prevalent that they practically constitute an "indigenous 
viral flora" (Kata, 1978). This makes it difficult, if not impossible, to demon-
Strata that cultivatable enteroviruses and adenoviruses play a role in the 
causality of diarrhea; it also might explain conflicting results on diarrhea 
causality reported by different laboratories (Ramos-Alvarez and Olarte, 1964; Tow 
et al. 1963). 
DIVERSITY OF VIRUSES OF THE ERTESTIRE 
Current knowledge on groups, subgroups and serotypes of viruses of the 
intestine is limited by available technology. Undoubtedly, new viruses will be 
discovered in the future to account for additional "non-specific diarrheas," 
still representing from 20 to 60t of the cases seen in the general population. 
Rotaviruses 
These RNA viruses, named to remember their wheel-like (from Latin "rota") 
appearance (fiewett et al. 1973), measure about 65-75 nm at the outer capside 
(Holmes, 1983). Extensive immunologic and molecular studies in several labors-
tories have revealed the antigenic complexity of the rotaviruses. Two subgroups 
and four serotypes of human rotaviruses are currently recognized (Table 2). 11.111_- 
There is great genomic and antigenic variability, as revealed, for instance, in 
changes in rotavirua electropherotypes over time in any given community (Estee et 
al. 1985). 
	
Rotavirus electrophoretic variability possibly reflects genetic 
reassortment between different viruses infecting and replicating simultaneously 
in the same cells. 
Strains of serotype 1 Seem to be the most important clinically. Strains of 
Serotypee 1 and 2 have been recovered from humane only. Serotype 3 contains 
strains of human, simian and porcine origin (Holmes, 1963). 
Adenoviruees 
These DNA viruses have icosahedral symmetry and measure about 60 to 90 mm 
(Ginsberg, 1980), The cultivatable adenoviruses are found frequently associated 
with respiratory illnesses, but they are also recovered from feces and may be 
218 
TABLE 2 
ROTAVIRIGS Maborrams FOUND le HONAes 
Serotyped 
Source of 
Isolation Strains Subgroup 
RNA 
Pattern 
1 Humans Wa,KU,K8,,D8 2 long 
2 Humans DS-1,52,KUN,He -126,390 1 Short 
3 Humans M,P,Y0.14,15,McM2,MO, 
Itooismoto 2 long 
Animals Simian mMU/8006,sAll 1 long 
Canine CU-1 
Equine H2 
1 long 
long 
4 Humans St. Thomas 4, Hoc hi, 
Hosokawa 2 long 
Animals Porcine Gottfried, 
S13-1,88-2 2 long 
a &ferrotypes 5 to 9 have been isolated from animals only. 
Adapted from Estes et al. (1985). 
related to gastrointestinal symptoms. There are 34 recognized adenovirus aero-
types and seven additional candidates have been proposed (Table 3) (Madeley, 
1986). Types 1, 2, 5 and 6 are found endemic or associated with sporadic cases 
of illness; they do not usually occur in outbreaks. Types 3, 4 and 7 are fre-
quently epidemic. Type 8 is an agent of epidemic conjunctivitis, and type 9 and 
successive serotypos are recovered meetly from stools of asymptomatic persons, 
sporadic cases of respiratory or diarrheal disease, or occasional outbreaks of 
these illnesses. 
Examination of fecal preparations by EM often fails to reveal adenovirus 
particles in persons from whom adenoviruses are isolated in conventional cell 
Culture. On the other hand, EM often reveals typical adenovirus particles with-
out a concomitant isolation of adenovirus in tissue culture (Madeley, 1986). 
Serotypes 34 to 39 are rare, and serotypes 40 and 41 have been proposed as 
agents of diarrheal disease (de Long et al. 1983; Moritsugu, 1969; Uhnoo et al. 
1983; Wadell et al. 1980). Demonstration of pathogenicity of fastidious adeno-
viruses has been complicated by the prolonged excretion period, which accounts 
for the frequent finding of virus without clinical manifestations. This is also 
the' case of cultivatable strains with proclivity towards chronicity. although 
their low virulence probably is a more important determinant. 
Norwalk and Norwalk-like Agents 
These particles, measuring about 26-27 nez, comprise at least three related -
but likely different - serOtypea (Wyatt and Kapikian, 1981). The classical one 
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TABLE 3 
AEUVOVIRUS BEROTYPES OF BOMBS 
Serotype 	 Sources 
	
1-7 	 feces, nasopharynx, eye 
	
8 	 fence. eye 
	
9-33 	 feces 
	
34 	 urine, lung (transplant) 
	
35 	 kidney, lung (immunoeuppressed) 
	
36 	 feces 
	
37 	 eye, cervix 
	
38 	 feces (7) 
	
39 	 feces, nasopharynx 
	
40 	 feces 
	
41 	 feces 
a Cultivatable adenoviruses have been isolated from urine, nasopharynx and other 
Sites in addition to those shown here. 
Adapted from Madaley (1986) 
is the Norwalk agent recognized by EM in a filtrate of diarrhea stools of a 
volunteer who ingested material from an outbreak in Norwalk. A similar agent 
discovered in Montgomery wee found related to the Norwalk agent, while another 
found In Hawaii - although of similar size and structure - seemed different. 
Similar agents were discovered in two outbreaks in England (strains Ditch/ing and 
W), and while they were found related to each other, they were different from the 
Norwalk agent (Wyatt and rapikian, 1981). Additional Norwalk-like viruses are 
likely to be recognized in the near future. 
Enteroviruses 
The human enterovirusea belong to the picornaviruses and contain RNA; they 
comprise three eerotypes of polloviruses, 29 aerotypes of coxsackleviruses, and 
31 aerotypee of echoviruses. Five additional serotypes have been described MOTO 
recently, EV 68, EV 69, EV 70, EV 71 and EV 72 (Melnick, 1985; Wyatt and 
Kapiklan, 1981). EV 70 is the cause of hemorrhagic conjunctivitis; EV 72 is the 
proposed agent of hepatitis A, a classification debated by some authors. Infec-
tion with the virus of hepatitis A can be associated with gastrointestinal 
symptoms in its initial phase. 
Other Viruses 
There is little or no knowledge on the antigenic diversity of astroviruaes, 
caliciviruses, "wall round" viruses and coronavirusea found in humans with or 
without diarrheal disease. Such information will be Obtained when we learn about 
better ways to grow thee in the laboratory (Wyatt and Kapiklan, 1981). 
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MILTUnhL HISTORY OF ninscrzos 
There ars various waye to study the natural history of infection with 
viruses of the intestine. One way in by a prevalence survey of the general 
population; another, more difficult but more informative, is by long-term pro-
spective study of populations in their ecosystem. In this case, the approach can 
be either the study of institutionalized children as they encounter illnesses, as 
in the Junior Village Study (Bell et al. 1961), children in the community during 
health and disease, as in the Cauque Study (Meta, 1978), or whole families in 
urban centers, as in the Virus Watch Programs in New York and Seattle or in the 
Tecumseh population (Fax et al. 1969, 1980; Monto et al. 1970). 
Prospective studies search for agents when illnesses are reported or dis-
covered (For et al. 1969) or at periodic intervals regardless of whether there is 
an illness or not (Nate, 1978). While this approach is more onerous, it provides 
unique information on the frequency of infection in the community, and on pos-
sible associations with particular diseases. 
Viral isolation and demonstration of agents by E61 or immunologic techniques 
can be complemented by serologic studies at specified age intervals, to show 
etre-conversion to a particular agent. However, this approach may be difficult 
Or impossible to carry out in developing countries where there is prejudice or 
cuiturei barriers against collection of sequential blood specimens. On the other 
hand, arms -sectional serologic surveys of the general population may provide an 
adequate view of the rata of infection with viruses of the intestine, as re-
flected in the rate of sero-conversion to those viruses. 
apidemiologic CopeAderations 
Infection with enterevirunes„ edenovirusee and roteviruses is greatly in 
excess in developing countries (Nate, 1978) when compared with those observed in 
industrial countries (Gelfand et al. 1963). This is understandable in view of 
the large amounts of viruses shod in feces and nasal, oral and pharyngeal secre-
tions. Contamination of drinking water is also important, and according to 
studies carried out in industrialized countries, infective viruses are recovered 
in large quantities from sewers and water of rivers, lakes and oceans (Melnick, 
1985; Rao at al. 1986). The problem is likely worse in less developed countries, 
where drinking water is frequently contaminated with feces. 
A possible influence of climate m se must be ruled out since rate* of 
infection are high among institutionalized children in temperate climates who 
live under deficient sanitary conditions (Bell et.al. 1961). On the other hand, 
the rate of infection with rot/witness was found to be very low among rural 
children of Puriscal. Costa Rica, where personal hygiene and environmental 
sanitation are adequate and where wide separation between hoses probably dis-
courages the spread of many infections (Siphon et al. 1985). Thus, differences 
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in rates of infection between industrial and developing countries, in all proba-
bility, reflect differences in personal hygiene and sanitation rather than in 
climate or other host attributes such as the nutritional state. 
Acquisition of Viruses by Neonates  
The high rates of infection in developing countries reflect greater exposure 
to contaminated food and water. and to contaminated hands, objects, or even the 
breast (Wyatt and Mats, 1969). Exposure of the mouth of the child to viruses 
commences at birth for children living in deprived conditions. For instance, the 
Cauque Study showed that childbirth by squatting or kneeling is commonly associ-
ated with soiling of the newborn with maternal feces; rural women in traditional 
societies often carry viruses and other parasites (Mate, 1978). It was not 
unusual to find babies excreting enteroviruses from the very first few days of 
life (Table 4). Viruses were present in such high concentration as to suggest 
that they were replicating in the child's intestinal tract. Theme early neonatal 
infections are, for the moat part, asymptomatic, owing to high amounts of secre-
tory immunoglobulin A IS -IgA) and other antibodies in colostrum and milk (Wyatt 
et al. 1972). Infanta were placed at the breast of a foster mother immediately 
after birth, and as anon as the mother secreted colostrum and milk, these were 
given to them ((data, 1978). 
On the other hand, infection with rotaviruses among rural neonates was very 
rare in a rural highland village of Guatemala (Mate at al. 1983a) and in highland 
TABLE 4 
ENTEROVIBUSES IN NECONIUM AND FECES or GUATEMALAN =LAN NEGMATICS, FIRST TOREN 
DAYS Or LIFE. 1964-1969 
nay 
of 
Life 
Number 
of Children 
Tested 
Number 
Positive 
(C) 
Virus 
Type 
Isolated 
, 	 Viral 
Concentrations 
79 1(1.3) echo 7 2 
2 54 4(7.4) echo 6 3 
echo 6 3 
echo 6 3 
polio 1 5 
3 61 5(8.2) polio 1 
echo 6 
4 
echo 9 5 
echo 11 5 
echo 7 5 
echo 6 5 
4 log of TCID50/42i. 
Adapted from Meta (1982a). 
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populations (both urban and rural) of Costa Rica (Simhon et al. 1985). The 
findings contrast with those in neonates of industrialised urban centers, among 
Whom early neonatal rotavirum infection is common (Bishop et al. 1979; Chrystie 
et al. 1978; Perez-Shael et al. 1984). 
Entereviruses in Infancy and Early Childhood 
The description of the natural history of virus infection was based on the 
long-term prospective study in the Guatemalan village (Meta, 1978). Children 
were progressively infected with enteroviruaes and they were weaned; infection 
ratio declined after completion of weaning, in this community around the second 
year of life, suggesting the acquisition of Immunity. To illustrate the acquisi-
tion of those viruses in the first year of life, Fig. 1 shows the pattern of 
shedding of enteroviruses and cultivatable adenoviruses among 18 infante selected 
at random among a cohort of 45 children (Meta, 1978). 
Extracts of stool samples collected each week from these children were 
cultured in primary human amnion and kidney and in HEp-2 cells,, and the isolates 
were grouped according to cell specificity and cytopathic effect. Some children 
were relatively clean during the first trimester of life, while some were in-
fected shortly after birth, despite the fact that they were exclusively breast-
fed, as is customary in Mayan Indian villages. The rate of adenovirus infection 
IS likely an underestimate because enterovirusea having a faster replication 
cycle, they .interfered with the growth of adenoviruses in tissue culture. The 
monmeental force of infection can be appreciated in Table 5, where rates of 
excretion_of enterovirusea and adenoviruses are shown, by semester, for the whole 
cohort of 45 children. What is evident is that about one half of ell infants 
'toed viruses by the snd'og the first year of life, and the rate was 60% by the 
end of the third year, when most children had been weaned. 
The Cauque Study also omitted observations on the acquisition of wild 
poliovirue since it was conducted during an epoch in which there was not yet a 
national polio immunization program.. Table 6 shown that 47% of infants excreted 
at least one type of polioviree during the first year of life. 
The rates of infection described possibly reflected many multiple viral 
infections. This aspect, not investigated in the Duque Study, had been explored 
by Barks and co-workers (1967) in the Karachi Study, a unique research not yet 
repeated. These researchers re-tested in tissue culture a set of virus-positive 
specimens, after neutralization of the identified virus with specific antiserum, 
In order to discover another possible hidden virus (or viruses). Indeed, the 
study showed infections with two, three, and more than three viruses (Table 7). 
Of 59 virus-positive specimens Obtained from children with diarrhea, 51% were 
found with at least two viruses and 10% with three viruses or more. Among 57 
virus-positive specimens from children without diarrhea, 40% had at least two 
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Fig. 1. Enteroviruses (solid circles) and adenoviruses (solid triangles) ex-
creted by 18 children of the cohort of 45 during the first year of life. All 
infanta were almost exclusively breast-fed for four to seven months, and supple-
mentation with village foods was minimal during the first year of life. Breast 
feeding, in this culture, continues for two to three years. Some Children were 
relatively free of virus infection in the first few months of life; other .infants 
were infected shortly after birth. By the end of the first year of life, most 
children were excreting enteroviruses at any time they were sampled. 
From Mats (1978). 
viruses and 18% at least three; there were no significant differences between the 
two groups of specimens. The Karachi Study also showed, as did the Canoe Study, 
that viruses were excreted in large amounts, 20 to 5,000 TC/D50 for polioviruses, 
and 20 to 90,000 Tc1050 for comeackleviruses (Parka et al. 1967). 
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TAUS 9 
ZECROTION oe1111111010101111111 AID ADENKAMIUMUIS BY mas 	 mow ow 49 
CEILIVEN, FROM BIRTH TO TERSE MARE Cr ACE, 1964-1969 
Age, 
Month* 
Number of 
Speciemaa EntercnrWmes Adenovirumes. 
0-5 1,116 230(20.6)a 34(3.1) 
6-11 1,162 483(41.6) 46(3.9) 
42-17 917 481(52.5) 33(3.6) 
18-23 953 438(45.9) 60(6.3) 
24-29 908 446(49.11 58(6.4) 
30-35 867 530(61.6) 48(5.5) 
a Number of positive specimens (percentage). 
Adapted from Nate (1878). 
TABLE 6 
ION Cr MILO POLIOVIRUSES IN TEE FIRST =SAE OF LIFE 18 A COMET Cr 45 
AEFAMBE EMEAMIEDEAMT, 1964-1969 
Polies/Arms Serotype 
Number of Children 
Positive (Percentage) 
1 
2 
7(15.6) 
5(11.1) 
3 3(6.7) 
1 sad 2 2(4.4) 
1 and 3 1(2.2) 
2 and 3 2(4.4) 
1,2 and 3 1(2.2) 
Grand total 21(46.7 ) 
Total with; 
1 11(24.4) 
2 10(22.2) 
3 7(15.6) 
Adapted from Nate (1982a). 
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TABLE 7 
MULTIPLE SUS TM VIRUS-POSITIVE SPECIMENS, FAMECRI STUDY 
Number of 	 Number of Virus Isolate* 
Specimens 	 2 	 3 	 4 
Diarrhea 	 Retested 
With 	 59 
	
30(81)a 6(10) 	 0 
Without 	 57 	 23(40) 10(18) 2(4) 
a Number positive (relative percentage). 
Adapted from Parks et al. (1967). 
The large infectious dose passed into the environment is compounded by the 
chronicity of some infections. While more needs to be learned about this regard. 
it is widely accepted that about one-half of the enterovirus infections last for 
more than one week. as Wiesen for polioviruses in the Cauque Study (Table 8) 
(Bata, 1978). The situation might be different in older children, especially if 
there is malnutrition, since it is known that malnourished children have impaired 
Immunity. 
Rotaviruses in Infancy and Early Childhood 
The description of the natural history of rotavirus infection in contrasting 
populations was based on data sets from two field studies in Central America: 
the Cauque Study. conducted in 19641969 in a Guatemalan Indian rural village 
TABLE 8 
DURATION OF FECAL EXCRETION dr FOLIOVIRMS IV TUX rim YEAR OF LIFE IN A COM= 
Of 45 CHILDREN curiruksa MEEKLY FROM AIM, 1964-1969 
Duration 
Weeksa 
Poliovirus Serotype: 
1 2 3 
1 7 (54 )b 3(38) 4(50) 
2 3(23) 3(28) 1(13) 
3 1(8) 1(9) 1(13) 
4 1(8) 3 (28 ) 1(13) 
5 0 0 1(13) 
6 1(8) 1(9) 0 
Total 13 11 8 
a Two episodes of virus shedding were considered different if they were separated 
by three or more negative weeks. 
b Number of episodes (relative percentage). 
Adapted from Mats (1978). 
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(Meta, 1978); and the Puriacal Study, carried out in a Costa Rican rural mestizo 
cis:plea of villages (Hata, 1982a). 
The two populations were located at a *Antler altitude (from 500 to 1,800 
meters above sea level). Both are rural, although the degree of "ruraliese was 
considerably greater in Pariscal than in Duque, with large distances separating 
households of more than one half of the people. Both populations were poor, but 
poverty of Periscal was compensated to a great extent by a significantly higher 
level of education, personal hygiene, environmental sanitation and availability 
of health services (Meta. 1982a, 1983a). The contrast with the village of Duque 
is striking since the latter did not have (and still dose not have) adequate 
sanitation and health services. while education and personal hygiene remain 
deficient. 
Both investigations had similar study design and employed similar field 
methodology. Fecal specimens were collected every week frcm each child in co-
horts of similar size. Collateral clinical and nutritional information was also 
obtained in both places. The specimens of the Csuqus Study, collected during the 
period 1964-1969, had been preserved at -700P for 13 to 18 years. Thia unique 
collection of samples was ccmpared with the also exceptional collection of 
Puriecal specimens, collected during 1981-1984 (Sieben et al. 1985). All speci-
al.= were tested for rotavirus antigen, in duplicate, by an enzyme-linked Lanuno-
sarbent assay (ELISA) (Meta et al. 1983a). While the ELISA used was the same, 
the opportunity to diagnose rotaviresea was encheaced for the Puriscal specimens 
by cantrifugatlOWFat 2014000 x g for 60 minutes (Siahon et al. 1985). 
Rotavirusea in dimaus  
All children in ..tAis village op4cretwd yotavirusea at least once during the 
first three years of life. The complete data on these viruses for 45 cohort 
children are depicted in Fig. 2. Individual children are shown in rows, arranged 
according to date of birth. While children were observed during their first 
three years of life, the total, period of observation wee six years, as chidren 
were recruited over a span of two years. The years and months of the study are 
shown at the top of the figure. 
There were wide differences in virus shedding among the children: one child 
had only one rotavirus infection, fifteen had two, twelve had three, twelve had 
four, four had five. and one child had seven infections (Meta et al. /983a). 
Rotavirus infectiona did not persist, and of the 142 infections recorded in the 
cohort, 116 lasted for only one week, 14 lasted for two weeks, six lasted three 
weeks. four lasted four weeks, and two lasted five seeks. It is possible that 
more sensitive techniques developed in the future - for instance, a better system 
for virus isolation - will reveal prolonged infections. 
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SEASONAL OCCURRIACE OF ROTAVIRUSES 
IN OWL OREN Or SANTA MAIM CALOVE 
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Fig. 2. Natural history of rotavirus infection in a cohort of 45 children from a 
Guatemalan rural village followed from birth to three years of age. Each dot 
represents one week positive for rotavirue by ELISA. The numbers of children are 
at the left, and the year and month are indicated at the top and bottom of the 
figure. Two children died and one child withdrew from the study before complet-
ing three years (children 67, 77 and 43, respectively). 
From Mate et al.. (1983a). 
The overall incidence of rotavirue was 2.41 per 100 child weeks or 1.25 per 
child-year. Nate* were lower in the first six months of life, when breaat 
feeding was intone, and almost exclusive. Thereafter, incidence roma and wee 
greater during epidemic periods, as shown with shaded areas in Fig. 2. Omar 
village epidemics were observed during the study period. The first occurred in 
November and December of 1965, with rates of 29% and 25% of children infected, 
• 
I 
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respectively. November through February are relatively cold and dry months in 
the Guatemalan highlands. September through December of 1966 were also epidemic. 
and rates fluctuated between 18 and 44%. Rates were around 40% in August of 
1967. In January and February of 1968 - when all cohort children were sore than 
two years old - rates were still high, about 20% (Nate et al. 1983a). 
Rotaviruses in Puriscal 
Most infants are breast-fed in this region as a result of "roaming-in" and 
promotion of nursing, effected concomitantly with the study (Nate et al. 1981). 
Breast-feeding, however, was not as exclusive and intense as it was in the tradi-
tional population of Cauque. 
The display of all viral diagnosis in Puriscal children is in Fig. 3. 
Clearly, there is great contrast with the data for Cinque. in that the number of 
infections was considerably less in Puriscal than in Cauque (Siehon et al. 
1985). There were no marked differences in age distribution of rotaviruses in 
Puriscal. Considering that Perinea" children were observed for only two years 
instead of the three of Gamine, 63% excreted rotaviruses during the study 
period. The number of infections per child was also significantly less in 
Perigee' than in Cauque. Seven (14%) children experienced reinfections, sepa-
rated by periods of 4 to 74 weeks. There were 39 independent infections for an 
overall incidence of 1.05 per 100 child-weeks or 0.5 per child-year, considerably 
less than in Cauque. As in the Guatemalan village, rotaviruses were endemic in 
Puriscal throughout the study period, but children excreted more viruses during 
the cooler and drier months (December through February). as in Cauque. February 
and October of 1982, and February and December of 1983 were peak months. 
Rotavirus electropherotypes were studied by Simhon et al. (1985) for se-
lected Costa Rican specimens, and almost all atraine free diarrhea and healthy 
camas were found to belong to the "long* RNA pattern. There was little electro - 
phoretic diversity, and only five electropherotypes were detected during the 
33-month study period. 
Studies conduuted in the rural area of Natlab. Bangladesh (Black et al. 
1982) and in Pacatuba. Brazil (Guarrant et al. 1983) yielded a similar high inci-
dence of rotavirus infections as those detected in Cauque. A prospective study 
of children on Winnipeg, Canada. a population more economically developed and 
educated than those Just mentioned, showed significantly lower rates of rotavirua 
than those found in Cauque or Hatlab, but greater than those of Puriscal 
(Table 9). 
The rates of rotavirus in the poor rural populations mentioned (Cauque. 
Matlab and Pecatubal) are be/ow original predictions. They were, however, con-
siderably higher than those observed in the cleaner Puriscal and Winnipeg. The 
rates in the first three studies are understandable on the babes of prevailing 
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Fig. 3. mature' history of rotavirus infection in a cohort of 51 children from a 
Coate Rica rural region observed during the first two years of life. Identifi-
cation of viruses, children and calendar are as in Pig. 2. Mote that infections 
were significantly less than in Cauque children, while outbreaks (shaded areas) 
involved fewer children in Puriscal than in Cauque. 
Adapted frau Simhon at al. (1985). 
deficient sanitation and personal hygiene. The low rate in Puriscal can only be 
explained by its significantly improved level of education (especially of women), 
better control of fecal waste and water supply, availability of health services, 
good level of personal hygiene, and scattering of homes in a vast area of °rural-
ism" (Meta, 1982b). 
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TASIA 9 
INCIDENCE or moramos morscrrou Aso OF MAMMA ASSOCIATED was ROTRVIRUSES IN 
TERME CONTRASTING SCONTSTERS 
Study Parameters 
Populations 
Number of 	 Number of Episodes (Episodes/Child-Year) of: 
Child-Years 	 Diarrhea, 
in Study 	 All 
Rotavirus- 
Diarrhea 
Rotavtrus 
Infection 	 Pathogenicity 
Rural, 
poor: 
Cauque 	 132.5 	 1,050(7.9) 109(0.8) 166(1.2) 65.7 
matlab 	 120 	 727(6.1) 34(0.3) 
Urban, 
not poor: 
Winnipeg 	 139 	 165(1.2) 40(0.3) 50(0.4) 80.0 
Deta for Matlab: Black et al. (1982). 
Data for Winnipeg: Gurwith et al. (1981). 
Adapted from Meta et al. (1984). 
ntreacanoss FOR MALTS 
Viruses of the intestine are mayor causes of diarrheal disease and febrile 
illnesses. Such infections are a source of nitrogen loss and significant meta-
bolic alterations with considerable negative effects on host nutrition. However, 
diarrheas disease and its effect on nutrition is considered the most significant 
public health problem in most developed countries. 
Although much remains to be known, rotaviruses and edenovirusea and, to a 
lesser extent, the Norwalk and Norwalk-like viruses are the main contributors to 
winter diarrhea in temperate countries, and in the trdpics as well (Wyatt and 
Kapikian, 1981). Rotaviruses are endemic throughout the year, with occurring 
epidemics during the cold season. Adenoviruses cause sporadic cases of diarrhea 
throughout the year. 
In developing countries, rotavirus seasonality is less obvious, and yet they 
tend to cluster during the colder months of the year. In general, rotaviruses, 
adenoviruses and enterovirusea are present throughout the year in the general 
population, and their contribution to diarrhea is only surpassed by bacteria, 
namely, enterotoxigenic Escherichie colt, CemayIebacter and Shigella. Neverthe-
less, rotaviruses remain as the most common agents in severe cases of diarrhea 
attending emergency and outpatient services in tropical countries (Linhares et 
al. 1983; Mats et al. 1983b}, accounting for as much as 40% of all cases. 
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Rotaviruses replicate in the small intestine, causing a distinct lesion in 
enterocytes with disintegration of cell structure and derangement of the brush 
border (Davidson and Barnes. 1979). There is an impairment of disaccharide.* 
function which may last for a few days or even a couple of weeks. The Norwalk 
agent also induces a flattening of the mucosa of the mall intestine, with 
bridging and malabsorption similar to that observed in tropical •prue and severe 
malnutrition (Nita. 19836)7 The immediate result of viral diarrhea is profuse 
loss of fluid and electrolytes, which can be so severe as to result in death by 
dehydration. Treatment consists of replenishing losses by prompt administration 
of appropriate rehydration salt solutions. The recommended approach is to 
rehydrata by mouth (oral rehydration therapy or ORT), except when there is severe 
dehydration or other dangerous signs or symptoms. for instance, persistent 
vomiting, shock or toxicosie. To these cases, rapid intravenous fluid therapy 
(RIT) is indicated and the use of appropriate antibiotics. 
Rotavirus diarrhea may exhibit great severity. The clinical presentation in 
Cauque children was of a severe watery diarrhea with fever, vomiting, dehydration 
and prostration (meta, 1983 b; Wyatt et al. 1979). At the time of the CaUque 
study there was no knowledge or availability of ORT or RIT, and the only resource 
wail prescription of fluid by mouth and the resource of breast feeding. 
Viral diarrheas, if untreated, are a source of dehydration, nutrient west--
age, nutrient losses, chronic malnutrition and death. There is anorexia and 
vomiting which reduce food intake or induce food wastage; there is malabsorption 
and impaired secretion, digestion and absorption (Molls et al. 1983a, b); and 
there are metabolic alterations directly related to the infectious process (Meta, 
1983b). 
To illustrate, the natural history of growth and diarrhea in two Mugu* 
children is depicted in rig. 4. These children were observed, as the rest of the 
cohort, in their ecosystem at a time there was not ORT or adequate medical 
aervicee. Children stayed at the breast, however, for at least 18 months, and 
often longer, which increases survival under adverse conditions. One child was 
born with fetal growth retardation and the other with adequate birth weight. In 
both children, all diarrheas were found associated with some degree of arrest in 
linear growth. Previously, diarrhea and other infectious diseases had been shown 
related to weight loss of varying magnitude (Mats, 1983b}. The effect on the 
growth curve tended to be more accentuated as children grew older and were lees 
protected by the good nutrition conferred by breast feeding during the first 
**neater or life. 
There is not enough information on the impact of fastidious adenovirnmes and 
other viruses on the nutritional status, but it is expected to be important in 
lees developed countries. Coronaviruses had been found associated with chronic 
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Pig. 4. Physical growth (body length, in centimeters) of two Cauque children, 
from birth to two years of age, compared with the 50th percentile curve of the 
National Center for Health Statiatice (1974). Only diarrhea episodes and their 
etiologic associations are shown; the children suffered from a variety of other 
Infectious diseases as well. The study was conducted at a time when there we. no 
knowledge or technology to investigate enterotoxigenic Escherischia colt, Campy-
lobeeter, Cryptosporidium or rotaviruses. Those, however, were investigated 
retrospeativaly in frozen stool extracts. note that most dierrheal episodes were 
associated with periods of arrest in body growth of varying magnitude. Growth 
faltering was more intense after commencement of weaning. The stunting effect 
Wee greater in the child who was born with fetal growth retardation (child at 
Eight in the figure). About 304 infants experienced fetal growth retardation in 
the village. 
From testa (1978). 
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diarrhea in India (Mathan et al. 1975), and they may be contributing to malnutri-
tion in certain deprived populations. 
Diarrheas undoubtedly are the first or second contributors to Childhood 
death in the majority of lees developed countries, especially before the advent 
of ORT. While no comprehensive pathologic data exists to determine the contribu-
tion of viral diarrheas to mortality, extrapolation from a field study indicates 
that perhaps 25% of all diarrhea deaths in very poor countries may be linked to 
viruses (Black et al. 1982). In transitional societies, rotaviruses are propor-
tionally more common than bacteria as a cause of diarrhea, and they may be rela-
tively more important as a cause of death. 
Viral diarrheas have among their social determinants poverty, ignorance and 
deprivation. while advanced medical knowledge, ORT, chemotherapy, novel treat-
sent schemes and eventually vaccines are of unquestionable value, the ultimate 
control and prevention reside in improved living conditions and the quality of 
life. 
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1J/SCUSSION 
de is Mara (University of California Irvin. Medical Center. Orange): 
In the last two or three slides, you showed that when you were able to iso-
late rotavirus, the individual had a problem from the point of view of growth. 
There Wes stunted growth. The question I have is. in those individuals that you 
isolated rotavirus and there was stunted growth, did they have diarrhea or not? 
Do you have to have diarrhea in order to have stunted growth, or can you just 
have shedding of rotavirus and have stunted growth? 
Meta L: 
There is a possibility that viruses themselves, without associated clinical 
manifestations, can cause stunting. It is a very good possibility. A beautiful 
modal, described by Rene Dubos at the Rocker feller University a long time ago. 
where he actually found a transmissible agent, he called it a virus, in the 
stools of the mother mouse. When he prepared a filtrate of the stools, and put a 
tiny drop of this filtratable agent in the south of the litter at birth, it 
caused stunted growth. If the mice were infected when they were older, they did 
not become stunted. 	 This infection with the virus was not ammoolated with 
clinical manifestations, but of course, it's difficult to ask a mouse what he 
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feels. There was no increase in temperature, no symptoms, no changes in the 
hair. The only change was in body weight. So this led us, a long time ago, to 
try to find the same sort of thing in children of Guatemala. We never found 
asymptomatic infections associated with weight loss or stunting. The children 
that I showed in the slides were Clinical diarrheal disease associated with 
rotevirue. Shigelle or other agents, and all had an impaCt on the weight curve, 
and also on the height. curve. 
Payran S (University of California Irvine Medical Center, Orange): 
Dr. Meta. I noticed in your graphs that the peak incidence of rotavirus 
varies from year to year. One year it was January, another year it was Septem-
ber-October. In those years where your incidence varies, did you have a varia-
tion in your rainy season as well? 
Meta L: 
I wish I knew that. We kept a rain meter in the Guatemalan village. We 
also book the morning and evening temperatures. I didn't see anything clear. 
But there are go many other factors, for instance, the contamination of the water 
with the rotavirunee. This was the main problem of the village then, and still 
is the main problem. There are 5,000 villages like this in Guatemala. This is a 
problem of development. Other factors such as crowding of people for religious 
festivities, market, changes in the agricultural pattern and selling of produce, 
crowding of people in the home, all of these factors were not analyzed. We can 
say that rotavicusee are prevalent year-round in the tropics. This is being 
confirmed in Costa Rica, Guatemala, Venezuela, Bangladesh and Egypt. But there 
is an exacerbation of infection coinciding with the cooler months in these 
countries, too, with exceptional months with epidemics., 
Purtilo D (University of Nebraska, omaha): 
Dr. mate, you've presented a really beautiful story here. About 13 or 14 
years ago, I talked the army into sending me down to Masiole, Brazil, and, we 
looked at some children with malnutrition. We didn't have the elegant studies 
that you did, but we quantitated the parasite burden by counting the number of 
eggs and larvae and no forth, and we ware just amazed at the multitude of infec-
tions in one child. The Brazilians, in trying to cope with this, had nutritional. 
replenishment centers where they tried to educate people about that. What sort 
of things were being done to try to turn this around where you've worked and 
whore you live now? 
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Mate Lt 
All of these issues are bound to be influenced by emotional attitudes, which 
is the most dangerous thing that can happen to the country, to the government and 
to scientists. 	 Also, they are Influenced by profound personal convictions. 
Regarding the approach, there have been two schools, and I have always been in 
the minority. Secauee I am a microbiologist primarily. this has probably in-
fluenced my way of seeing facts. When I worked in Guatemala, I didn't think that 
the problem was food. Why? Because, myself, I haven't eaten so much in my 
Life. I ate mainly rice, beans, bread and tortillas. I rarely drank milk, 
cheese or meat, and I found that I was healthy and actually tall. No taller than 
many Americans, 5 feet 8 inches, but tall for village standards. I found these 
two other guys in the village who were taller than me, and certainly twice as 
strong, and were raised exclusively with rice and beans and with some leaves. 
They had gone through everything. dysentery, typhoid, hepatitis. malnutrition. 
So I proposed the hypothesis that it was not lack of food, but the burden of 
infection which made the people malnourished. 	 The United States offered us 
money, one million dollars to do two studies. One was to make the diet perfect, 
which is what everybody wanted, because eating is so Important, particularly for 
your society. The other grant was to teach families, especially women, to wash 
their hands and to improve their hygiene, and although it was not an appealing 
proposal, there was also a half a million dollars to change the community in this 
respect. I consulted with my boas. and my boss said, if you want to be a really 
good scientist, you have to follow Pasteur's approach. You have to use the hypo-
thesis that you don't like, and try to prove that you are wrong. So I picked up 
the half a million dollars to do the nutrition study, and we left Dr. Schneider, 
a gaetroenterologist, to do the other study. We got from the united States say 
flour that contained synthetic lysine and all other nutrients, including iron, in 
an available source that would become absorbed. By adding this to the local corn 
dough for tortilla, which is the staple food in that area, it would have nutri-
tional requirements comparable to meat. For four years, we fed the villagers 
with this food. One problem was that many people did not like it. We put a 
marker on the tortilla (riboflavin) and then sampled the urine of women to make 
sure that they were eating it. After four years. we proved that there was no 
change whatsoever in any parameter, including birth weight, morbidity. or mortal-
ity. It was a very frustrating experience. The other researcher showed that. if 
you teach women how to wash their hands and other hygienic measures, you could 
cut down the rate of diarrheal disease in half or by a third. However, he didn't 
examine if that effect of the hand washing and cleaning the child had an effect 
on their nutrition. So we were left, more or less, with a negative experiment. 
A positive experience, but no definite answer on this. I went to Costa Rica 
Lt• 
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thinking that there wee a lot of malnutrition. So we analyzed the data on 
mortality in Costa Rica, and with surprise, we found that my country had an 
Infant mortality of 30, almost the same as the Soviet Union, one of the most 
advanced nations in the world. We thought there must be something wrong. If the 
mortality is so low, Costa Rica must have a low rate of malnutrition. So we did 
an analysis of a recent survey and found that malnutrition had declined in Costa 
Rica. Am a matter of fact, at this moment, the rate of malnutrition in the 
village that I discussed is less than that in Massachusetts. 	 Cue possible 
explanation was that people were eating more. But when we studied the diets of 
women and children, we were surprised to know that, actually, the women in 
Guatemala were eating more protein and more calories than those Costa Rica. 
However, Costa Rican women were heavier, and the children were growing better 
than in Guatemala. So we thought that there must be another explanation. The 
only explanation that we have is the marked decline in infectious diseases, which 
are now very low, particularly diarrheal diseases. This was due to cleaner 
water, more education, and better hygiene. Costa Rica consumes more toothpaste, 
more sanitary napkins and toilet paper than the rest of Central America together, 
excepting Panama. And Panama is also like Costa Rica, more advanced. This is a 
good index of personal hygiene. In summary, if you are clean, then you probably 
eat more of what you have around, and whatever you eat will be utilized better. 
1987 Elsevier Science Publishers R. V. (Biomedical Division( 
Medical ViroMay VI 
L.M. de to tidetzo and E. At Perer,on. editors. 	 239 
PAPOVAVIRDSES: BIOLOGY, PATHOGENIC POTENTIAL AND DIAGNOSIS 
IMERTI V. SHAH 
Department of immunology and Infectious Diseases, The Johns Hopkins University 
School of Hygiene and Public Health, 615 North Wolfe St., Baltimore, MD 21205 
(USA) 
INTRODUCTION 
Until the mid 1960s, no serious human illness woe related to infections with 
human papovavirusee, although it was known that human warts were caused by one or 
more viruses of this family. The term papovavlres is an acronym derived by' 
grouping together lapillomavirueea of man and rabbit, mlyomavirus of mouse and 
vacuolating virus (SV40) of rhesus macaque (Melnick, 1962). These viruses share 
the properties of small size, naked icosahedral capsid, double-stranded circular 
DNA genome and nuclear multiplication. Subsequent studies have Adman that the 
papovavirus family consists of two unrelated genera, papillosavirus and polyama-
virus, which differ in many respects (Table 1). Papillomaviruaes are larger than 
polyomaviruses (55 nm vs. 45 nm diameter) and carry their genetic information on 
one strand. Polyomaviruees carry about equal information on each of the two 
strands. Pepillomaviruses infect epithelial surfaces and produce their pathology 
at the site of entry. Polyomaviruses enter the body by the respiratory or other 
routes and reach their target organs by viremia. The virus groups also differ in 
their ability to produce tumors. The typical outcome of a naturally occurring 
papillomavirus infection is cellular proliferation and the production of a benign 
self-limiting tumor. All of the cells of the papilloma contain the viral genome 
which is present as extrachromosomal, free, unintegrated copies. 	 However, 
permissive infection leading to the synthesis of viral particles occurs only in 
cells of the upper layers of the epithelium which are differentiated and are 
destined to die (Noyes and Mellors. 1957). A papillcoavIrua lesion may progress 
towards malignancy. This process is accompanied by inhibition of synthesis of 
viral capeid proteins and, in many cases of invasive cancers, by the integration 
of the viral genome in the cellular DNA. Papillomaviruses are associated with 
naturally occurring cancers in many species, including man. In contrast, polyoma-
viruses have not been convincingly implicated in naturally occurring tumors in 
any species. They are cytopathic in their natural hosts. Infection leads to 
synt:-.aais of virus particles and lysia of infected Cells. However. in experi-
mental aystems, pelyomavirucee arc highly oncogenic for laboratory animals and 
are capable of transforming cells from a wide variety of species. 
All papillonavirusea share some conserved nucleotide sequences and antigenic 
determinants, attesting to their common evolutionary origin (Heilman et al. 1980; 
Jenson et al. 1980}. Similarly, all polyomavirusee can be shown to be inter- 
